Beef carcasses ( n = 5,542) were evaluated by three USDA on-line graders and compared with the computed expert USDA quality ( Q G ) and yield grades (YG) during 8-h shifts at a major beef-processing facility for a 2-wk period to evaluate the accuracy of applying USDA QG and YG within the traditional five-grade and the proposed seven-grade (segregating YG 2 and 3 into YG 2A, 2B, 3A, and 3B) YG systems. Quality grade distribution of the carcasses was 1.1% Prime, 50.0% Choice, 43.8% Select, and 5.1% No-Roll. Accuracy of applying QG was not affected ( P > .05) by changing from the five-grade (91.5%) to either the seven-grade system, when determining only QG (94.3%), or the seven-grade system, when determining QG and YG (95.0%). Calculated expert YG successfully segregated carcasses into their respective YG, but on-line graders could not differentiate between YG 4 and 5 in the seven-grade systems. The application of YG in the five-grade system was more accurate ( P < .05) than either of the seven-grade systems. A trend existed for on-line graders to undergrade carcasses as the numerical YG increased. Total accuracy of applying YG decreased by 19.4 to 21.8% when switching from the five-grade to the seven-grade system. The segmentation of USDA YG 2 and 3 into YG 2A, 2B, 3A, and 3B resulted in a decrease in the ability of on-line graders to accurately apply the YG.
Introduction
In the past several years, there has been a strong push for a value-based marketing system in the beef industry. This marketing system would allow beef cattle producers to recover profits realized from cattle that fit into niche markets. Since the late 1970s, machines that would objectively and precisely categorize cattle based on yield and quality have been studied (Cross and Whittaker, 1992) . Cross and Belk (1994) reviewed the technology and found that, even though some technologies are ready for commercial use, others were not feasible or required further research for commercial use. Consequently, to date no other method more accurately segregates beef carcasses than USDA quality ( Q G ) and yield grades (YG). In fact, upon reevaluating the effectiveness of USDA YG in segregating beef carcasses, Belk et al. (1998) reported that current USDA YG for beef carcasses, when perfectly assigned, are accurate and reliable in predicting, and therefore segregating, carcasses based on composition. It has recently been proposed that USDA YG 2 and 3 each be divided in half to further the cause of value-based marketing and to recognize progress made within each YG. For the division of YG 2 and 3 to be effective, it is necessary that USDA graders be able to segregate beef carcasses into these subgroupings. Therefore, the purpose of this study was to determine the accuracy of application of a seven-grade YG system that would separate USDA YG 2 and 3 into four grades.
Materials and Methods
Selection. Three USDA journeyman (on-line) graders evaluated 5,542 beef carcasses under industry conditions during an 8-h shift each day for 2 wk at the Carcass Evaluation. A USDA, Agriculture Marketing Service area supervisor evaluated the selected carcasses for preliminary YG; percentage of kidney, pelvic, and heart fat; and the maturity and marbling score according to USDA standards (1989) . Texas Tech University personnel recorded lot number, hot carcass weight, the on-line graders' final grade determinations, the area supervisor's determinations, and they measured ribeye area using a dot grid. The online graders determined YG and QG using the traditional five-grade system during wk 1 and the proposed seven-grade system during wk 2. One segment determined both QG and YG, and another segment determined either QG or YG.
Data Analyses. Data were analyzed using the frequency procedure of SAS (1988) to determine whether the accuracies (difference, in tenths of a YG, between the calculated expert and on-line graders' grades) under the traditional and proposed systems were different. Pairwise comparisons of percentages were done according to Ott (1988) , for comparing two binomial proportions. Experimentwise acceptability level for pairwise comparisons was 5%. Least squares means were determined using analysis of variance, and significant ( P < .05) differences were determined using Fisher's least significant difference.
Results and Discussion
Quality Grade Accuracy. Of the 4,938 carcasses evaluated for QG, 2,914 were evaluated for both QG and YG within the five-grade system, 1,413 were given QG and YG within the seven-grade system, and 611 were given only QG within the seven-grade system (Table 1) . Quality grade distribution was 1.1% Prime, 50.0% Choice, 43.8% Select, and 5.1% No-roll (Standard or lower). This distribution is similar to that reported by the NCA (1995). The agreement between expert and on-line grades for Prime carcasses was 6.4% higher ( P < .05) in the five-grade system than in the seven-grade system if both YG and QG were determined, but not different ( P > .05) if only QG was determined. Conversely, accuracy in determining the Select QG was 6.8% lower ( P < .05) in the five-grade system than in the seven-grade system if both YG and QG were determined, but not different ( P > .05) if only QG was determined. Yield grading system did not affect ( P > .05) accuracy in assigning Choice, No-roll, or the accuracy across all grades in quality grading. The highest error rates occurred in the Prime QG and may have resulted from a lower frequency of application of the Prime grade (less than 1% of the total carcasses evaluated) than the other grade designations. The errors that occur in the Prime grade should not have a great impact on the consumer perception of beef because Prime carcasses cannot be overgraded, Prime beef should have excellent eating quality, and they would be designated and sold as Choice. However, the undergrading of Prime carcasses results in loss of value to both packers and feeders. All of the errors in grading the No-roll carcasses were in overgrading (i.e., the carcass was graded Select instead of Standard, Utility, or Commercial). The errors of misapplication of the Select grade to lower-grade carcasses is a serious error because it results in increased variation in tenderness of the Select grade. The misapplication of the Select QG to include the lower QG beef may result in lower consumer acceptance for the Select QG. It has been shown that the percentage of steaks rated "acceptable" decreased as marbling decreased (Savell et al., 1987) .
Yield Grade Accuracy. Of the 4,931 carcasses that
were evaluated for YG, the majority were evenly distributed across YG 2 and 3 except for those that received YG only (Table 2 ). In the group of carcasses for which only YG was assigned, carcasses tended to have a higher incidence of YG 3A carcasses than the other YG. Least squares means for YG assigned by the calculated expert grader within the five-grade, sevengrade, QG and YG, or seven-grade, YG only, differed in each of their respective yield grades ( P < .05). Means for on-line graders using the five-grade system differed ( P < .05) for each YG, but on-line graders could not differentiate between YG 4 and 5 when using either of the seven-grade systems ( P > .05). Table 3 . Frequency distribution of on-line yield grades for each calculated expert yield grade when USDA graders evaluated carcasses using the five-and seven-grade systems a,b,c,d,e Percentages of agreement within a yield grade system having different superscripts differ ( P < .05).
x,y,z Percentages of agreement within a calculated expert YG with different superscripts differ ( P < .05). This may have been due to the small number of YG 5 carcasses in these systems. On-line graders had more variation within all YG and YG systems as shown by SEM that were 56 to 499% higher than YG assigned by expert graders. Within the five-grade system, agreement did not differ ( P > .05, Table 3 ) among YG 1, 2, and 3, but agreement was lower within YG 4 and higher within YG 5 compared with the top three grades ( P < .05). In the seven-grade system, on-line graders applying both QG and YG were more accurate ( P < .05) determining YG 1, 2A, and 2B compared with YG 3B, 4, and 5. Accuracy did not differ ( P > .05) between YG 2B and 3A or YG 3A and 4. All of the carcasses that were YG 5 were undergraded ( P < .05). A decisive trend existed for on-line graders to undergrade carcasses as the numerical YG increased.
Accuracy of on-line graders applying only YG in the seven-grade system did not differ ( P > .05) for YG 1, 2A, 2B, and 3A. Accuracy of determining YG 3A and 3B were similar ( P > .05) and more accurate ( P < .05) than grading either YG 4 or 5. As when graders applied both QG and YG, the tendency was to undergrade as the numerical YG increased.
Application of the five-grade system was more accurate than either the seven-grade, QG and YG, or seven-grade, YG-only system within all of the individual yield grades ( P < .05). Between the two seven-grade systems, accuracy was similar ( P > .05) within YG 1, 2A, 2B, 3A, and 3B, but accuracy was higher ( P < .05) for YG4 in the QG and YG system compared with the YG-only system, and YG 5 accuracy was higher ( P < .05) in the YG-only system. These data indicate that splitting YG 2 and 3 results in a reduction in accuracy of application of 13 to 36% compared with the current five-grade system.
Applying the seven-grade system resulted in a minimum of a 19.4% decrease in total accuracy based on the seven-grade system (Table 4 ). Therefore, there should be concern for the ability of graders to accurately apply the seven-grade system at the speed of application used in this study.
Implications
The segmentation of USDA yield grade 2 and 3 into yield grades 2A, 2B, 3A, and 3B resulted in a severe decrease in the ability of on-line graders to accurately apply the yield grade. If the beef industry detects a need for separating the existing yield grades 2 and 3, these data indicate that application would be successful about half of the time. Quality grade accuracy would not be affected by the separation of yield grades.
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